Thank you for submitting your manuscript for consideration by The EMBO Journal. Three referees have now evaluated it, and you will be pleased to see that they are all very positive and would support publication here after minor revision (see below). I would thus like to invite you to prepare a revised manuscript in which you need to address the referees' points in an adequate manner.
Furthermore, there are a number of editorial issues that need further attention. First, please add an author contribution section to the main body of the manuscript text.
Second, prior to acceptance of every paper we perform a final check for figures containing lanes of gels that are assembled from cropped lanes. While cropping and pasting may be considered acceptable practices in some cases (please see Rossner and Yamada, JCB 166, 11-15, 2004 ) there needs to be a proper indication and explanation in all cases where such processing has been performed according to our editorial policies. Please note that it is our standard procedure when images appear like they have been pasted together without proper indication (like a white space or a black line between) or explanation in the figure legend to ask for the original scans. In the case of the present submission there are a number of panels that appear to not fully meet these requirements: figure 1B , 3H, 3I, 6E. I therefore like to kindly ask you to include suitably amended versions of these figures in the revised manuscript and to explain in the figure legend that all lanes come from the same gel. Please be reminded that according to our editorial policies we also need to see the original scans for the panels in question.
I should add that it is EMBO Journal policy to allow only a single round of revision, and acceptance of your manuscript will therefore depend on the completeness of your responses in this revised version.
When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Peer Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process, please visit our website: http://www.nature.com/emboj/about/process.html
We generally allow three months as standard revision time. As a matter of policy, competing manuscripts published during this period will not negatively impact on our assessment of the conceptual advance presented by your study. However, we request that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed.
Thank you for the opportunity to consider your work for publication. I look forward to your revision. Picornavirus mRNAs use internal ribosome entry sites (IRESs) to initiate viral protein synthesis during infection, when host protein synthesis is down-regulated. This manuscript describes a new kind of IRES contained within the mRNA of Aichivirus (AV), a member of the Kobuvirus genus of Picornaviridae, that differs structurally from previously discovered viral IRESs. Its function similarly involves interaction with host initiation factor eIF4G, but its eIF4G-interacting domain is structurally distinct. A unique feature of this IRES is that its initiation codon is sequestered within a stable hairpin structure. Therefore, translation initiation is strongly dependent on the RNA helicase protein DHX29. Overall, the study is interesting and the results support the conclusions of the work. Publication is recommended pending revisions to address the following specific comments:
1. The structural environment of the AV initiation codon is reminiscent of the silent (but functionally important) initiation codon in Type 1 picornavirus IRESs, as they are both in the YnXm-AUG motif following the eIF4G interacting domain and are both located within a stable hairpin. It would be helpful if the authors could compare these two IRES types in the Discussion. 2. On page 11, the requirement for DHX29 is described as "conditional". I cannot agree with this statement, as in this study DHX29 was found to be non-essential only for those AV IRES mutants that were designed to destabilize domain L. Because a stable domain L is conserved in all AV isolates, wild type viruses would appear to be always dependent on DHX29. This manuscript describes a carefully conducted study on the function of an Aichivirus IRES, a type of picornavirus with novel structure and activity that conforms to neither of the establishedpicornavirus types. This is an extensive, carefully conducted study with very high levels of technical expertise. The findings are novel and of broad interest, as they define a new type of picornavirus IRES. I have a few comments in details which the authors may wish to adress:
The authors conclude that eIF4A enhances the interaction between eIF4G and the IRES, based on the observation that the radical-induced cleavage of the IRES RNA by Cys-substituted eIF4G is enhanced in the presence of eIF4A. It could be the case that the affinity of eIF4G is unaltered but that eIF4A induces a conformation which cleaves the RNA more efficiently. The authors should either tone down their conclusion, or conduct assays that directly monitor affinity (eg pull-downs or similar).
In the biochemical fractionation experiments, PTB is identified as a trans-acting factor and this is then confirmed using recombinant PTB. It is not clear whether the same was done for DHX29, or whether DHX29 was only used purified from RRL? The materials and methods mention expression of DHX29 in E. coli, but then it is not clear to me from the results section where this is used.
In the introduction (3rd sentence), the authors state that the 43S initiation complex comprises the 40S subunit, eIF2 TC, eIF3, eIF1 and eIF1A. Should this not also include eIF5? This paper provides a very detailed characterization of the structure and factor requirements of the picornovirus Aichi virus IRES. Its factor requirements overlap that of type 1 and type 2 picornavirus IRESs in requiring eIF2, eIF3, the middle domain of eIF4G and eIF4A, but not eIF4E, and in being stimulated by PTB. A distinctive requirement is the need for the helicase DHX29, which was shown to be required to destabilize the helical region of domain L of the IRES, which harbors the AUG codon in base-paired form. Consistently, the presence of the AUG in a duplex is a unique feature of the AV IRES. Similar to the EMCV IRES, eIF4Gm binds to the apical region of domain K, dependent on the conserved motif AGGU, which is also crucial for AV IRES function, and in a manner stimulated by eIF4A. Although the AV IRES contains a cruciform domain J, as found in other picornavirus IRESs, the tetraloop at its apex is dispensable for AV IRES function, indicating the presence of other, unknown sequences in domain J important for IRES function. Association of eIF4Gm with the IRES seems to induce conformational changes near the AUG codon, which are proposed to be involved in the ability of eIF4Gm to induce 43S complex binding to the correct initiation codon. These changes are enhanced by PTB, suggesting that PTB might stimulate AV IRES function by promoting proper interactions of eIF4Gm with the IRES, similar to previous suggestions about the function of PTB in modulating eIF4G-IRES interactions for poliovirus. The data presented here are of the highest quality and can be regarded as providing definitive information regarding the requirements for eIF4Gm, eIF4A, PTB, and DHX29 in AV IRES function in rabbit reticulocyte lysates, and of the binding sites for eIF4Gm, eIF4A and PTB within the AV IRES structure. Although the data do not provide any especially novel insights into how eIF4G and PTB stimulate IRES function, the results support previous suggestions for other picornavirus IRESs that they remodel the region surrounding the AUG codon to facilitate scanning-independent 43S attachment at the start codon. This extends previous conclusions about a common mechanism for different picornavirus IRESs despite an overall lack of primary sequence similarity among them. The most novel finding is that the AV IRES is dependent on DHX29 for 43S binding at the IRES AUG, owing to sequestration of the AUG in a base-paired segment of domain L. It would greatly enhance the significance of the study if a requirement for DHX29 for AV IRES function and/or viral replication could be demonstrated in cultured cells, but I don't have the expertise to say whether or not such experiments are feasible. Minor comments: 1. some explanation is required for the fact that nearly half of the RNAse T1 cleavage sites involve G's involved in base-pairs. 2. As the assays in Fig. 2E -F involve monocistronic constructs, it seems important to show that the mutant RNAs that appear to be defective for IRES activity are of comparable stability to the wildtype RNA or, alternatively, verify the results with dicistronic constructs, at least in the case of the AGGUtoUCCA and the del 519-541 mutants. 3. It should be stipulated which toe-printing experiments in Fig. 3 , and also later in the study, employ recombinant DHX29. Editor: To comply with your recommendations concerning editorial issues, I have added an author contribution section and also revised Figures 1B, 1C, 1D , 3G, 3I, 7A and 7C to indicate those lanes that were not contiguous in the original gels. The relevant Figure legends have been revised accordingly to indicate that all lanes in one panel were derived from the same original gel. The scans of the original gels for each revised panel are included in the Attachment, and have been annotated to indicate which lanes were used in the final version. The original gels were obtained from experiments that included additional conditions (i.e. additional combinations of factors, or, as in Fig.  3G , titration of factor concentrations) that we excluded from the final version because they did not add further useful information. Your letter suggested that Figures 3H and 6E were also composites, but this is not the case, and they have therefore not been revised.
Reviewer #1 This is an excellent point: the AUG triplet of the Yn-Xm-AUG motif in Type 1 IRESs is also sequestered within a hairpin (domain VI), but it is either silent or used very inefficiently, at least in part due to its sub-optimal nucleotide context, and substitutions that optimize the context enhance utilization of this codon significantly (Pestova et al., 1994; Kaminski et al., 2010. However, initiation has not yet been reconstituted in vitro on this or the authentic initiation codon of any Type 1 IRES, and we therefore do not yet know whether DHX29 is required for ribosomal recognition of this AUG or for initiation on the authentic start codon. Since there is thus no mechanistic data to discuss yet, and because the manuscript is already at the upper limit of length, we reluctantly decided against mentioning the possible involvement of DHX29 in initiation on Type 1 IRESs in the Discussion. 
2.
On page 11, the requirement for DHX29 is described as "conditional". I cannot agree with this statement, as in this study DHX29 was found to be non-essential only for those AV IRES mutants that were designed to destabilize domain L. Because a stable domain L is conserved in all AV isolates, wild type viruses would appear to be always dependent on DHX29.
In response to this comment, we have modified the title (which now reads "The requirement for DHX29 results from sequestration of the initiation codon in a stable hairpin") and the last sentence of this paragraph.
3.
For Figs. 4C and 4D, it We have included additional data to Fig. 4D to show toe-printing on the Aichvirus (mut786-790) mutant: consistent with the results for other mutants in which IRES domain L had been destabilized, 48S complex formation was no longer dependent on DHX29, and was more efficient than on the wild-type RNA in which this domain is intact. Unfortunately, we were unable to obtain meaningful translation data for the (Δ 758-788) mutant mRNA (for which toe-printing data are shown in Fig.  4D, lanes 4, 5) because the deletion of 31nt from the 5'-terminal region of the ORF almost immediately put it out-of-frame with the initiation codon, so that the resulting translation product is
